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EX-PERIXEI;TS WITE R-C'TATLYG CYLTITJES~S I N  

COEBIfJkTION TITI4 AIEFOTLS. * 
By Kurt Frey. 

The question continxally arises as t o  xr;he%hher ro t a t ing  cyl- 

inders can b e  aclvantegeouslg use2 in combixation with a i r fo i l s  

i n  a i rp lane  construction. The American experiments a r e  ki?own 

("Tests of Eotating Cylinderstt by E l l i o t t  G I  Reid, National 

Advisory Committee f o r  Aeronautics, TecPaical Note No. 209), as 

a l s o  the  Dutch experiments by D r .  E. B. Wolff (N.A.C.A. Technical 

b!emor8anduyn Ho. 307). E r .  Tv'olff conti-nued h is  experhents  miC; 

published an account of t h e m  i n  "De Ingenieur," 1926, Xo. 10, 

pp. 181-190. No one has 'yet succeeded, however, i n  the endeavor 

t o  find a u t i l i z a b l e  polar  f o r  lending and f o r  horizontal  f l i g h t .  

A s  a fur ther  contribution t o  t h e  solut ion of the problm,  I a m  

pub,lishing a port ion of the wind- tunnel work of the  Harinover 

Technical Eigh Scliool, which was done by E3gineer B o r i s  and my- 

s e l f ,  mith the f r i end ly  su9por-t of P ro fes so r  P r a l l  and Oesterlen 

and the Junkers Norks, betveen l3ecc ix r ,  1924, and February, 

1926. 

* IIVermche m i t  rotierecden Zylind-ern 1~ Verbindung m i t  Trag- 
f lachen , 

- 

Z c i  t s cbr l  f t fer F'l'wgt echni k -and gfot orluf tzs chi f fahrt , 
August 28, 1926, pp. 342-345. 
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The Gktingen a i r f o i l  No. 432 KELS dividcd i n t o  Par t s  1 and 

1x1 i n  such a way 'Ghat a rotatable  cyl inder  was p a r t i a l l y  cn- 

closed as P a r t  11, leaving: in  i t s  rear  a uniform narrow gap and 

i n  f ront  a somewhat wider taper ing gap, 73th i t s  narroimst cross  

sect ion on the upper o r  suct ion s ide  of the a i r f o i l . ,  Sl?ieldis 

N were fastcncd t o  t h e  ends of the a i r f o i l  (Fig.  1)- 

The dhens ions  of the a i r f o i l  r e m  detcrained b y  the  diilzen- 

sions of the mind tv.nne1, mhich had an  inside diameter of 35 cm 

(13.7i3 in.) and a naximum wind veloci ty  of 7 m/s ( 2 3  f t . / s e c . ) .  

A span (13) of 20 cm (TT.87 in . )  and a chord ( t )  of 7 cm 

(2.756 in.) vere chosen. The aspect ra",o GEX thercfore  

h = t / b  = 1/2.9. 

in.}* 

The ciiamgter of t l x  cylincIc3r was 1 cm (0.394 

The unfavorable aspect rPt2.o vas chosen i n  order  t o  Ob- 

t a i n  the maximum perin'neral speed. 

Since no abao;utz c, cnd cty values could be obtained- 

v i t h  the means a t  our disposal,  exte-n..sive comparat ivc cxpcsdrdcnts 

hzd t o  bc carr ied out. 

t he  same diae-rrsions as ~ i o & e l  I1 and m s  used as a comparative 

.model i n  the f ol loving experinents: 

The Gktingen a i r f o i l  482 m s  made v i t h  

Findi-ng the polar  f o r  2odel 11; 

F'indin.;. the  polar  f o r  model I1 v i t h  end shields  as 

Finding t h c  polar f o r  model I: with r o t o r  a t  res t ;  

Tiriding the polar f o r  rilo6eJ 1 with ro to r  i n  motion; 

Testing t h e  e f fec t  of chan ing t h e . r a t i o  of per ipheral  
speed t o  wind ve loc i ty  : v)  n i t h  iu constant; 

v = 6, but  w i t h  ro tor  i n  motion. 

cn mo2el I; 



3xperimcnts a - c were perfo-rmixl Eith an ava i l ab le  tno- 

component spring balance, a and c-f on a balance b u i l t  C S p C C i -  

ally f o r  t h i s  purpose (Figs.  2-3). I n  these experiments, a motor 

which ms ro ta t ab le  about a horizonta.1 and a v e r t i c a l  ax i s ,  m s  

located n t  the  center of ro ta t ion .  

mitted t o  the  cylinder by an cncsscd s t e e l  shaft 5 mn (0.2 in.) 

th ick  2nd 50 cm (32 in.) long. The r o t a t i o n a l  speed of thc 

cylinder m s  10,OCO 3.P.X.. , shich gave a peripheral spccd of 

5 m (16.4 f t . )  per  second. fn order t o  obtain nore accurate 

readings, a l l  the  experiments were pzcfcmed w i t h  v = abolJt 6 in 

(19.7 f t . )  per second. Hence U/V = 6 - 8  - O 0 9 .  

The ro t a ry  motion was trans- 

A s  already s ta ted,  tiiz e x p e r m m ~ s  were CiTrided in to  two 

groups: 

a) 

P ) 

With an  o l d  two-component spr ing balance; 

Vith ij, new two-component 53 ?.am e. 

After ca l ib rz t ion  of the balmce, the experiments a-c 

were performed and tbe experimental points  i n  F ig .  4 were con- 

nected by compensating cumes,  :Thereby not ca and cw, but 

A and V i n  grams of spring tension were p lo t ted  on the coordi- 

nate  axes. 

After 6ete”mining the s e n s i t i v i t y  of the balance, em2eri- 

ments a and c-f xere performed, and the  experimental points 

f o r  experiments a ,  c and d, i n  Fig.  5, and f o r  experiment e, 

i n  Figs. 6-7, mere connected by  compensating curves. Here also 

C a  and cw were not p lo t ted ,  but  the  values of A and 1 1  i n  



4 

grarxs, as measured on tbe 

gave a small t h r u s t ,  only 

the  suct ion side. 

The conversion i n t o  

sca l e  paris - experiment f ,  a t  * oO, 

when the  tapering gip was narrowed on 

ca anti cVJ w ~ l u e s  f o r  p lo t t i ng  in  the 

diagrams vas omitted, as a constant rc;n!.nder that ,  w i t h  the 

avai lable  means, no calculat inns with absolute values couid be 

made a t  f i rs t .  Thcy are intended o ~ l y  f o r  cmparison with the 

well-knotm G s t  t ingen poj-ars i n  abso1,u’s e -c.a.lucs. 

a) The experixents under a p r m d  t h a t ,  in  s p i t c  of the  

small dimensions and speeds ( therefore in an unfavorable -kndex-- 

value scgion) , thc oxpcctrd cLa.rsctccrls.f:4.cs c m l d  bc obtaincd, 

as also the e f f w t  of thc end sLi37 .Cs  ~:i<., in  experiment c, the 

an t  ic ipzted dependence on t h e  e f f c z t  L F tLe ?-;vir?.cd uing- 

p)  ii’ig. 5 sk lo~s ,  f o r  cx-perln,cnts a a2C c, the smie rc- 

s u l t s  as under a, this praving t h a t  tiic ne17 balance r7as suffic- 

i e n t l y  cccurzte.  Experiaent C ,  rr?ii.cn ’sested the effect  of the 

ro t a t ing  cylir,der, showcd a l i f t  increase of ebout 86% a s  CO%- 

pared r i t h  the GGttingen experiments on the  a i r f o i l .  The con- 

spicuou~1.y sharp maximum i-~as repeatedly mmsurcd, as also the 

remar’mb2e Couble bend in  the g o l a r  curve. 

were not read simultaneously, because the cnange f o r  C a  nlax. 

XES r e l a t ive ly  small, and the execution of the experiment vas 

thus mde  considerzbly eas i e r .  In  order t o  emphasize the nw-eri- 

c a l  inaccuracy s t i l l  fur ther ,  the garabola f o r  the indxced d - r r g  

The angles of a t tack 

ms also added. Corresponding t o  the other  cumes, the parabola 
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w a s  so  drawn that every point gives the drsg ( i n  grams on the 

sca l e  pan), which maintains the eqxilibrium against  the in&v.ced- 

&:Tag of the Gbttingen a i r f o i l .  

TWO diagrams (Figs .  6-7) were dram f o r  eLxperiment e, so 

as t o  make the result  c learer .  Fig. 6 shows, f o r  constant a 

and var iable  u/v, 

r o t o r  i n  motion and a t  res%. Art l i k e  ma-mer, Fig.  7 shows the 

r e l a t ion  of 'che drag cTefflcie?-rbs. The e::perir,ierits showed ac- 

cordixgly that the rcl-ation of t'ke l i f t  coef f ic ien ts  i n  the in- 

vestigated- region i s  almost indepmd.w.5 of u / v ,  while the re- 

l a t i o n  of the &rag coef f ic ien ts  i s  very  E;';ron@.y dependent on 

$he rs2at'ion of the l i f t  coef f ic ien ts  f o r  the  
- 

u/v * 

The next task  was .to Ferrfcm corcpara5ive experiments v i t h  

a r e l i a b l e  wixd tunnel. 

courtesy of the Jirilkers ?Torks i n  3essau. 

with h = 1/1, 

were used instead of the s ta t ionary  shields  covering the cross 

sect ion of the  a i r f o i l .  Xxperiments weie t r i e d  under the fol- 

This vas rend.ered possible through the  

In  these experiments, 

c i r cu la r  end shields  which turned w i t h  the  r o t o r  

lowing con6-it ions : 

a) Rotor at r e s t ,  gap open; 

b) Rotor running, gap open; 

c) Ro$or runr,ing, gap changed; 

d) Variat ion of u/v; 

e) Rotor a t  r e s t ,  gap completely closed on both suction 
and pressdre s ides  of a i r f o i l .  
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In  comparison v i t h  a, b showzd only a very s l igh t  b- 

provement, ahich grcv proportionately l e s s  n i t h  increasing a. 

E8,rdly any effect  v m 3  produced by c and d. Capar i son  of e 

with ~t vas intended t o  show mkthe r  there was s t i l l  any divid- 

ed ning e f f ec t .  It \vas fmnd t'at no such effect  was zpparent. 

I thought these qu i t e  d i f fe ren t  ~ c s u l t s  m i s t  be explained 

by  thE: zspect ratio n ~ d .  t h e  .nlx.szJ 6, a ? x m y c i m . t  qf thc  rnoclel 

m d  accordingly perf o-azcc2 t he  smxe exger?.ixentS i n  Lhc 7::ind tun- 

n e l  of t he  €:amover TecYaical High Ssiiocl. with a. geometrically 

the experimental equipment at our dL3;wosal sufficed t o  give 

qua l i t a t ive ly  correct r ~ s a 1 . t ~ ~  

A s  it f u r t h e r  p recau t im,  expcri:=?ents weye performed f o r  

t h e  purpose of discovering vhethar t he  e f fec t  of the rotat ion 

was a l s o  given n i t h i n  the r ight  l i m i t s .  

(E.A.C.A* Technical Memorandum 30. 307) proved t o  be very favor- 

a b l e  f o r  the production of l i k e  operaticg conditlons- 

execution was undertaken by Vhker.  The experiment21 appara- 

tus vas so imch improved by incredsing i t s  sens i t i v i ty ,  that 

t h e  r e s u l t s  could now be successful ly  converted i n t o  absolute 

values. 

ones obtained from the  Dutch ezperiacnts. 

of ca max.~eret 

The Dutch experiments 

Their 

The resulting curves showed t h e  sase character 2 s  the 

The abeolute vzlues 



Kol.land Hanr?ov c r  

With mp opcn an2 ro tor  running 1.12 1099 

'85th gip open and rotor  ne T@S$ 0.5-0.6 0.33-0e47 

Even though the angle of a t t ack  was g rea t ly  incrm-sed (by 

ro ta t ion  froin about loo according t o  $he Dutch cxperincnts t o  

about 2l0), we thus o'utaincd thc ~:osl; important result, thzt, 

as regards tke mgnitude, the effect  of tBc ro ta t ion  or, the  l i f t  

is s o  given by our experinerital srrczngemeDt that no deceptive 

d is t o 1" t i oiis oc c7jr 

According t o  the numerous control.. exccrkients, Fig. 5 mcy 

be accepted as approximately correct.  In  iiy oy>ini.on, the differ-  

ence, as cam-pnrcd n i t i i  previousiy publ.ished a r t i c l e s  on a i r f o i l  

ro tors ,  is Cue t o  anc=rtlier fundsrncr?taL conception. I t  is known' 

that, f o r  obt a Pnin g an undist  or$ cd po la r  curve, the suct ion s ide  

must not be clistu.rbed near the leading edge and, f o r  obtaining 

high ca vclues  f o r  smll landing speeds, that an increase in 

t h e  energy  of the boundary layer  must occur a t  the spot  whcre 

i t  i s  forced t o  overcor=,e ;z higher pressure t k n  is  inherent i n  

i t s e l f .  D r .  G. Lachmann obtained thiE: result i7ith a s lo t t ed  

ning by u t i l i z i n g  the prcssv-re drop between the pressure and suc- 

t i o n  s ide  ( E . A .  GOA* Technical I.lerAoran6-ms Nos. 282 and 298) . 
I f  w e  realize the magnitude of the cff ect of the f r i c t i o n  on the 

s l o t  mils, i t  is o b ~ ~ i o u s  t?at the  e f f ec t  is improved uhen both 

s l o t  tmlls novc i n  the d i r ec t ion  of the flow w i t h  the  veloci ty  



of thc flow. These considorations served LE the  basis of the 

present .c.or%. 

Thc a t t m p t  T-:CS t o  be mde b y  increasing t k e  pcripheml vcioci ty  

i n  tlic s l o t ,  t o  obtain a reaction e f f ec t ,  nhich would increase 

the l i f t  m d  d h i c i s h  the drag. The shzpe of the node1 17as dc- 

t e m i a e d  frori a combintttion of tZacse v i c q m i n t s  with considcrz?- 

t i o n  of the aerodynamic conditions. This  shape f u f l f i l L e 6  our 

expectations, acccrdi:l@ t o  tke cxperlmcnta under discussione 

Ve nou3.d 4-+pir? erpbrzsizc t’3c fac5 t k 5 ,  due t o  the abovo-:..?en- 

tioncdl inadequacies, thcse e-xp5rlrm$s a rc  only cxpected t o  

show i n  x-dx-t d i rec t ion  experiments with cmbfmt ions  of a i r fo i l s  

m d  rotors can givc acrodyn&,rcic?dly mcccr;sf7;1 resu l t s .  

should not be assmed t?a% the first design gives the best  re- 

s u l t s .  

A f u r t k r  incentive caric fror.: turbine dcsi-ing. 

1% 

Although thhe exTerinients COUX noJ; be  continued f o r  lack of 

money, t h e i r  prospective g r a c t i c a i  iralile has been indicated* 

The method can be u t i l i z e d  only i n  case i-1; proves more econofiiic- 

a1 than other devices f o r  reducing the landing speed. This I s  

af fec ted  ch ie f ly  by the m i g h t  and r e l i a b i l i t y  of operation. 

Without goi9g fu r the r  in to  d e t a i l s  now, I would l i k e  t o  cxp3a- 

s i z e  the f a c t  that surpx5singly favorable solut ions may b e  found. 

The f i n a l  decision is  reserved f o r  the future.  

Another objection concerns the per ipheral  speed sild coilse- 

“quent ly  the ro t a t iona l  speed of the rotoy.  

u may equal v .  With v = 7 0  zm?/h o r  19.5 Y A / S  (64  f t . / s ec . )  

According t o  Fig. 7, 
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axl e cyTirder radius 

and with r = 0 - 7 5  m (2.46 ft.), n = about 500. It s t i l l  re- 

r = 0.6 rn (1.97 f t . ) ,  n -" about 620 

mains t o  be t e s t ed  as t o  how much the ro ta t iona l  speed can be 

reduced by !-flaking u less than v. 

We thus f ind  that the solut ion of t h i s  problem involves 

v e r y  great, though not necessar i ly  insurmountable d - i f f  i cu l t ies .  

Translation by Dwight, M. Niner, 
National Advicory Cumnittee . 
f o r  Aeronautics. 
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